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Morphological characteristics and cryodamage of Chinese tree
shrew (Tupaia belangeri chinensis) sperm
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Abstract: The tree shrew (Tupaia belangeri chinensis) is a small non-rodent mammal, which is a relatively new
experimental animal in medicine due to its close evolutionary relationship to primates and its rapid propagation. Sperm
characteristics and cryopreservation in the tree shrew were the main contents of our spermatological research. Epididymal
sperm were surgically harvested from male tree shrews captured from the Kunming area. The rate of testis weight to body
weight was (1.05+0.07)%, volume of both testis was (1.12+0.10) mL, total sperm from epididymis and vas deferens were
2.2-8.8x107, and sperm motility and acrosome integrity were (68.8£3.9)% and (90.0+2.1)%, respectively. Sperm
ultrastructure of the tree shrew was examined by scanning electron microscopy and transmission electron microscopy.
Tree shrew sperm had a round or oval shaped head of approximately 6.65%5.82 um, and midpiece, principal piece, tail,
and total sperm lengths were 13.39, 52.35, 65.74, and 73.05 pm, respectively. The mitochondria in the midpiece
consisted of approximately 48 gyres and had a 9+9+2 axonemal pattern. After freezing and thawing, sperm showed partly
intact acrosomes and plasma membrane defects, and sperm breakages, twists, and swellings were found. The tree shrew
had similar ultrastructure with other mammalians except for the mitochondria number and the sperm size. Ultrastructural
alteration is still the main cause resulting in poor sperm after cryopreservation.
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BRI —FEAT BRI N B LB P, R
& R H . R K H (Liu et al, 2001; Wong & Kaas,
2009), H BiR B B R 73 28 A AT SRAFAE 1o {HTE
U], R B T T R KSR /N LB,
HAVF 2 RK KNP ILA I FFE (Poonkhum et al,
2000) . B RFE N ISP 27 S AW 2T 9 5 T B A E
WA, Gnph e B4 (Remple et al, 2007). AZRAT 4
I3 75 I Y (Xu et al, 2007; Li et al, 2008). #135E REE K
B (Poveda & Kretz, 2009) S AR 2 N (Kozicz et
al, 2008; Zambello et al, 2010)55. HHY, A IFHEFEH
WA= 58 AR 2T ST IR AR IE B 2D (Collins et al, 2007).
Collins et al J~ 1982 £EHRAE 1 ME AR R A FHE 10
HI2AEAE AN AR BE ) RE(Collins et al, 1982); BiJG, A
T ST TE 1 T AR i A 2 ) 2 e e R 1 AR B
WEAEKESKE (Collins & Tsang, 1987); 1411
TE 52 M N I e B (Maeda et al, 1998); P44
KT I AN G (6 )7 4 58 (Suphamungmee et al, 2008)
G AR, PRS2 AL RS R A S MR IR A
FUATRIR A PR o AT G HRTE A SRS ] LAR v 14 O
{£(Ping et al, 2011), {HEHRs ¥R G IS5 1AL
EMANTEE . ik, ABFIT o AT R ) S AL B S
KT Z G RHE, DL RIORE 2 R 2 95 5
45 R AR, o

1 #RFITTE

L1 SKEAFHY

4 SRR CEEMEPER B, Yok B TR B
TIPSR 4 3—5 A sE .
BRI A, Bt IR SR 408 - Sigma 23 7] (St.
Louis, MO, USA). ¥ 7 #B N TALP-HEPES
(modified Tyrode’s solution with albumin, lactate and
pyruvate) (Bavister et al, 1983), &%~ TTE(Tris-
TES-egg yolk)(Si et al, 2000), 4% F& SCHik - Hiliid 1)
T3 o
1.2 KEHFE
12,1 SERMPCEMME  SILA(60~70 mg/kg
PR ZEJILIAE S, AF W Wl PRI i R AR B . 7 BRI
RETR, SMBFFAR R E IS B S 0 B =2 Ak
FEE TR S, RAHIEAL T [a)EE 73 7 B Ak, JF
XF IR EE > 2 AR EL, s R E 52 R AR
KR By @A 22 A MR NS H 3 mL
PERLERKIN 5 mL R, JE SR s A
RGN ACAH 72 52 AL HAARA

122 WTWESHW 7 BRI 10 B 52 2 Al
WSS T Fme, 37 CTALP-HEPES VL% Bfi)o
HT 1 mL TALP-HEPES HBJ % ~1 cm, HH 1§
BB R I LR TR A7 R 7 TR B s R
ARG, TRATIEE10 pL KSR RS 7 1)
BB SEATIARTERENE ;. oA RS 12 B AL B ¥
DUERE T2, H T .

i FrHBRIE S EENE 10 L BT H
TALP-HEPES ikt 100~500 55 HL 10 uL i %
CUFR A 37 CRMAN M v b -, 82 Wit
NUFEET RS SRS TR HORSRS 7, B ROR
A AR LRSI RS TR Ak T A
THEOR 7 00 E 4y LLROA XS iz 3 B, HE P RS
2 kIR 18 (Saragusty et al, 2009). FHRE /D%
200 MKE T, AWK,

TATERE AT 2GR FITC-PNA £ K
TITATE R AR, JLER AR 0 R W SCHRHRE (Ping et al,
2011). faj iAW R K57 FF i/ TALP-HEPES
#2500 r/min. 5 min Z0FIVEE 2 K, JERREE~
1X10°A4MmL; B 20 uL WAEER BT b, HRMT A,
FETE XU R R B 2 S ming B X
HXRTJE, I 40 pg/mL FITC-PNA 40 uL T4 1
FESD B JFRAE 37 CREFEM T EOLIFE 30 ming
PBS(pH 7.2)0t 22 RINHEL, R0 BIEE M,
HWORGPARAI 53700 8 490 F1 515 nm.
T SE B R T A A B R Gkt T A
RS T80 & S . THEITA TS RIS
RS T, FRRE /D 200 A, THAASEEOE 7
BT VHEORS 7 (1 L2 0 R 7 T A e e
123 FTAERERF WIEESHE Ping et al
(2011) 0 ANHEH: AR i B 52 h SRIBOKS 1, B 0D S
TTE Fikt SR %l 4 X 10° A/mL; K HE T 4 Ck
AT IO AL B, BH RN TIREGWER 4 C; %
R FIRAWEEN 0.25 mL RS, KRB 15
emx10 cm ERZE IR AR 20 B AR BT 4 cm
A7 B EPHT 10 ming B R R S HRBE A+
KU WIHIRAT 2 d 5, BUREE, HEHRA
37 COKA R, ARURJGHERE TRELE] 1.5 mL B
LY, IR S XORBEARAY) TALP-HEPES #ik%;
FEJE LA 2 500 r/min. 5 min &.00E5 1R, BILHE
R T BERE S R I VR A B
124  FUBIFE S AL EE S W s I BRI
Ab PR V2R SCHR (Simeo et al, 2010)fRIE AT . i
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AR s AR IR DT TN 2.5%)1%8 — 1%
PBS ZZ(0.1 mol/L, pH 7.4, 4 °C), 4 "CHi[5E 24 h;
PBS Z2 i iz e 6 Ik, Pl 3 IREBER 10 min,
Ji 3 UCEER 20 min; BT ECN 1%~2% (IR 4 C
JAlEE 1 hy XUE E 5, PBS ZErhiimyt 3 vk, Hr
HT 2 YRAFIR 5 min, Jo 1 7% 30 min; Z 41 T05K5 2 44 it
K R TRALBE, DL R B A A 4 A
T BB MR T IS S I 40 A 4.
ST BRSO AL B FE AL BEAD 2 SRR
(Simeo et al, 2010)HEFAT. FBWT: Bi%—
H IR HIUTE R NN 2.5%)% % PBS Z21(0.1
mol/L, pH 7.4), 4 ‘CHI [ 5E 24 h; PBS ZEi izt 6

WK, FLET 3 YA 10 min, J5 3 YRAFIK 20 min; iR
HOEN 1%MHKIE 4 CHERE 1 h X E S,
PBS ZZ MR 3 Uk, HrPil 2 IREFK 5 min, J5 1
R 30 min; B REWIKS . INEIZE K, Epon618 M4
WHEBE . ., VR B e« 1BH; Lecia-R
BRI R (W1 EZ 90 nm); U1 &7 1R
BT E  OCAE I X e 10 i HH 02 5 P 0 B R
GORG 1SS ) T R 3 A

2 &4 R

2.1 BEEAFM RS TIPS ST
M s RN 1.

F1 WRIZR KR MERE T

Tab.1 Testis measurements and sperm characteristics of tree shrew

W E SR A5 VI EEAR U AT
Index Mean+SD Range
H#AE Body weight (g) 141.0+15.7 124.5-160.08
PIE2 AL M F A Weight of total testes (g) 1.49+0.23 1.18-1.73
SAER AT LA Ratio of testis/body weight (%) 1.05£0.07 0.95-1.09
SIS AL T Weight of left testis (g) 0.75+0.13 0.58—0.88
AN 52 AL T Weight of right testis (g) 0.74+0.11 0.60—0.85
Bt S5k SUFE i Weight of total epididymides (g) 0.19+0.01 0.14-0.21
LeMIf sk A Weight of left epididymides (g) 0.09+0.01 0.07-0.11
A5 I 523k F A Weight of right epididymides (g) 0.10+0.02 0.07-0.11
P B i B R ks o
\Vf’gjlngg %}E)}tﬂﬁgﬁ Sfl:p%ifymis and vasa deferentia epididymides (g) 0.15+0.01 0-14-0.16
O

éfg‘gs:itﬁﬁéﬁflgl}%f left testis (cm) 1.9320.17 1.70-2.15
ggfs—f;ittﬁﬁéﬁrgjh%f right testis (cm) 1.9120.19 1.75-2.10
gﬂjs—::lﬁ%f \I/iﬁd')tj;l)jf left testis (cm) 0.68+0.05 0.60-0.75
g?ﬁiiﬁﬁ?ﬁd&%’ right testis (cm) 0.70+0.06 0.60-0.75
W 22 4L S 44 FL Volume of both testes (mL) 1.12+0.10 0.90-1.30
LM S2 ALAARL Volume of left testes (mL) 0.56+0.09 0.45-0.65
A5 52 AL AR Volume of right testes (cm) 0.55+0.09 0.44—0.62
K5 B Total number of sperm (X 107) 6.32+2.68 2.2-8.8
K TIZ8)E Sperm motility (%) 68.8+3.9 60-75
K FIARSEFER Acrosome integrity (%) 90.0+2.1 86-93

2.2 HIROfEFRIBHILSEA

I IR RS 1 BB A 2 4 WA 2

PERIORS 1 Sk . RIRAL, RN TR
oy, B, RBORRBESE =843k 2 AT
1A, B). {EFRHEET, K51k S B R ORI Y
K 1 2 5 B 2 4 O Bt (mid-piece, MP). B
(principal piece, PP)FIK Bt (end piece). £ 4 HLEE
T, BEARGT t BUBE R, b S TR X B S

JEEH AR SRS, SR A% . TR S TR 40
J8G; TR — 7 T Sk U0 Fy i 2 W DR s T A4
1% 2 (A AFAE A& 1] Bt (subacrosomal space, SAS);
W R A, by Sk 3 ZEA s 4y, o g Sk
(R R AR, L% B2 KM 3550, B4 R
H, 85 /N T X S RO T s i Sk i i ) 7 o, B
BT, E T8 B X s R A (] 1C, D).

KA AR AT — AN M A BT, S3ERE Nk
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Tab.2 Morphometry of epididymal sperm of tree shrew

KiT4K Length of sperm (1m) 73.05+1.10
Sk#BK ¥ Length of sperm head (um) 6.65+£0.26
S EE Width of sperm head (um) 5.82+0.36
Skif/ % Ratio of sperm length to width of head (%) 1.14+0.03
ST BCKCE Length of middle piece (um) 13.39+0.81
JEHRHHBL 98 Width of middle piece (um) 0.84+0.03
JE B Length of principal piece (um) 52.35+0.93
JEHBEBETEE Width of principal piece (m) 0.660.02
Je i AR & Length of end piece (um) 1.48+0.23

kG SR, SOMGERRBL, i/ sk YRR I oLy
R s /I Sk (R PR S0 LT YER S5 4, SRR S
PN LAY &5 MR & 7 B0E YR
TSR E AN K 1 T HL (B 1C).
Fe L 22 ANAh SO T YR Sz 1
R T2, ST AR B Fh22 il O XU AA S
PRI A0 o R 2L, O R XSUBR A ) [ sl i
PSR GEAE T s L, T “9+9+2” IR
a3 BE X OUBR A phy A/ AR B A
T B CIERE 4 IOl 21 Bl s 5

K1
Fig. 1
A) TR TANBIESARMLEIE(X 500); B) K5 T kEBEE

Bt EP: REBAEL, AC:TH{A; OAM: THARAMEL; TAM:  Thi4& P i; PL:

CAP:
WYL CS: i, CM: HORBIE, DM: XU

/NS CP: #5; SAS: THAA NI BR; PC: ity SC: 154 MS: ZRkifAHY; AN:

JRUME; NU: #%; NM: %R ES:

P RRS T 148 4 1)

Tree shrew sperm morphology

A HLBE I (X 4000); C,D) KT Sk EHEB A 11E(X 30000); E-G) K2
rh BRI BHIB S5 A4 (X 15000~20 000); H) K51 rh Bof 32 B e b A i i 45 #4181 (X 80000) . HD: 7&%13; MP:EH P PP: R

FRIEHT; PAS: JE IR, BP: JEAR;
IR, AX: 22, FS: £14E8; ODF: 4hEE

A) Whole sperm exterior morphological figure by scanning electron microscope (*1500); B) Sperm head morphological figure by scanning
electron microscope (x4000); C,D) The ultrastructure of sperm head by transmission electron microscope (x30000); E-G) Ultrastructure of sperm
mid- and principal piece (x15000-20000); H) Mitochondria ultrastructure of sperm mid- and principal piece (x80000). HD: head; MP: mid-piece;
PP: principal piece; EP: end piece; AC: acrosome; OAM: outer acrosome membrane; IAM: inner acrosome membrane; PL: plasmalemma; NU:
nuclear; NM: nuclear membrane; ES: equatorial segment; PAS: post-acrosomal sheath; BP: basal plate; CAP: capitulum; CP: cervical part; SAS:
subacrosomal space; PC: proximal centriole; SC: segmented columns; MS: mitochondrial sheath; AN: annulus; FS: fibrous sheath; ODF: outer
dense fibers;AX: axoneme; CS: central sheath; CM: central microtube; DM: doublet.
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DRBORARIEAR, — X Ol — AN IE . 7
RHESBOM B, Mhez A7 9 A BUR T Y IR 58,
T — MR A1 R B0 L1 Y 1B — ORI 2 4 fe
B EIACPIR . B EORE BT . PLrpO g ez
LR A B0 AT A S 1 T7 17 i 5 1~9, &5
BRI BT U R NATR]: BB, 1. 24 5.
6 AN B AT AE W] WA AR LT YR R EE B, 1.5,
6 AN B LY W] WA AR LT AR RS B
W HEB I LT YRR, T2 BRI e AR B £ 4 4
(K 1E-H).

0 SRR LT YA R S b B AR AR FR e, A
TR YR GE . (R By, Zokifh sk FAHR:
TN IR TER G2 LT 4, RS T SRR IR ek
48; (EZCRLAARI I A S AT — A = APIRIR, IR iR
FEJECHN ] A 58 HA PR S0 21 A Tl B TR EIR £&

AR SEA TSR

> DRIk

AR R i A1 32 BT A T o 2 (], o BOR R B
Iy YR ARE T B BIR B, o
B, HBSEIT Ruman, HARWA, d4ERHTY .
JEAN AT S IR TR AT 20 i, HAX AN AT AR
[ SEAEANA B T4 3 F1 8 (K 1E-G).
2.3 REFEENBFFRSHEMITL

B ¥ K 32 3 B R0 T A4 58 R A 4y i) A
(68.8243.95)%H1(89.99+2.14)%, fili% J&i ks 1 Jnis
Bl BE AT AR 58 R R 5 il O (44.73+3.67)% F
(76.52+1.84)%. FITC-PNA 964 th )m, n] W&

URMRR, 0550 K 1 B TOUAAR R LR 3508 40 1 58 4 il 2%
(Bl 2A); K1 LR I AN RR, RPLE
URRR G, K1 TS R 40 (K1 2 B,C); K51
Sk A% 210G AT WL TR, 3 W T A 58 A i % (8]
2D).

B2 RS 5 Sk TR PR hAid
Fig.2 Sperm acrosome defects after freezing and thawing
A) FOCHRLHRE T WU (2R 1) MBOEIE R £ BT EZ K] (X 200), SonTifASe sk or 2525, B) IBAF LT N S s Rt 2 0 b 2
(X20000); C) 57 JFUIE 55 T4k 2 WIA7 7E W] I RE,  ELIGA SR R 444X 30000); D) Z B AITHAA (IR (X 20000).

A) Intact, or partially intact sperm acrosome (green) stained by Alexa Fluor-488-peanut agglutinin conjugate, under a confocal laser scanning

system (x200); B) The separation and rupture of plasmolemma (x20000); C) The gap between membrane and acrosome (x30000); D) The sperm

loss of membrane and acrosome (x20000).

LR VR RAL B, RS TR A AR A 2 B
RIELL R JUATT (] 2): ST AL S5 BEAA
S ER AN BAL BB R e Fls v BLARE A i o
ok, R E BRI, LR A REA e

FERTRMR RIS RE R, AN RV VR R ) 45 3 1ok
TN RIGT, SRS M. k. SERH
2 BB 4A, E); BB, Bk,
i E B KRB Wi (& 4B-D).
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Fig. 3 Sperm plasma membrane defects after freezing and
thawing
A) ST 5E (X 20000); B-D) Ji5E 4 Z (X 30000~80000)
A) Partially intact membrane (X20000); B—D) Sperm membrane defects

(X30000-80000).
&

4 VR URIMERE T AR ] £ i 284
Fig. 4 Sperm breakage in different locus after freezing and
thawing

A) FCHFIL R TATE ARG 1k . BT 24X 400); B-D) J6%i K o
KT R (X 200); B) B BE FRonks 1k STHEHIER (X30000).
A) Sperm head and neck breakage (X400); B-D) Sperm end portion
breakage under light microscope ( X 200); E) The breakage under
transmission electron microscope (X 30000).

N/

6 Ve UR/MEURNG T RS BRI AK

VRIS RG 110 55— A4 i R BT R Y
T KT R A il R A T Bl A B (1
5), SR BN B ok A gl IR — OB 2, i
Jldih 22 gk sz 45, b B I sh ek k.

5 VR URMRURRG T RIS it
Fig. 5 Coiled sperm tail after freezing and thawing
A) B BTGNS TR EAR L (X 2000); B) BT AL 52K 5T
JBE R 47 (X 50000) 0

A) Twisted sperm tail under scanning electron microscope (X2000); B)

two-tails section in sperm membrane showed by transmission electron
microscope (X 50000).

RIS RE T, BEER A N BE R
THUAN, BANK BB AT, 7] et i S 20 i
2K, ks 1 R B b BUZIk (K 6).

4 7t i

B L) B R ARG TAREL, R RIRS 1 Sk 6
25U [E JE(Downing et al, 2005). AS [ FRE k5
(R FERNGE BE R AAE], an AJEA 4.5 pm A1 3 pum
(Pedersen, 1969), A&k 6.57 um 1 4.76 pm (Brito
et al, 2010), TIHEIN 6.65 pm F1 5.82 pm. 4 FKY
TAKN 73.05 pm, SHREEREATAERS 1K BE AL
(Gage, 1998; Bierla et al, 2007), fH5 & (119

A
A\, ” \ o
v l i‘ i\
A . e }‘ ./
b 3 R ‘
A ¢ |
\ q"'\:s \r%‘ : ‘
b x5000 ( - 4

Fig. 6 Swollen sperm tail mid-piece after freezing and thawing

A) B TR TR B R (X 2000);

B-C) IEMN B R TR B (X 50000) S

A) Swollen sperm tail mid-piece under scanning electron microscope (>X2000); B—C) Swollen sperm tail mid-piece under transmission electron

microscope (X 50000).
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um) (Nagy, 1994)F1 N J5(55~60 um)Z: 57 i3 . F 4%,
HI T 55 R TSI 2 R RS i v HORS 1, Tk B
K1 VT ReAAAE 22 57, B JORS T LL AT B4R /)N

SRR B AE RS 1 R A b B SR e B A SE A
HURm LT Y, ANFIF S T R HR rh B SR A IR
BEELS S5 N 154 RN 133 M (Nagy, 1994);
HLAE Ol 59 N(Gage, 1998), THE A 48 4,

Bhez 1 5N T is g B VI S . AN
VIRR SRS 1 R R Rl 22 G5 K ANTR], B8R0 1~ B0 %l
L2 GERRT NE L B K DLehe | B9 A g, )
Hj “9+9+2” #(EI-Shoura et al, 1995; Béo et al, 2004;
Fischman et al, 2009; Lima et al, 2009; Mancini et al,
2009).

WFT L B0 0 7% VR RS 5 B S K 2R M 32 20 R B R
JAK(O'Meara et al, 2005), K AZEAREFET, K
TARZHEVZICKRIE I HER, v iRse . JBAHE:
. UK TE %5 (Aboagla & Terada, 2004; White,
1993). AT FHEERKE TI88hHE Ik L
M7 (Jones & Martin, 1973; Ortman & Rodriguez-
Martinez, 1994) KR A I LA % (Watson, 1995).
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